Introduction {#S0001}
============

Depression is a common disease worldwide. More than three hundred million people around the world were suffer from it, which causes a heavy medical burden and serious disability.[@CIT0001],[@CIT0002] Depression is predicted to be the world's leading cause of disability and/or suicide in the 10 years after 2020.[@CIT0003] In developed countries, the percentage of depression is more than 15% among the general population.[@CIT0004] Although accumulating studies have been conducted in the past few decades, the etiologies for depression are not understood clearly. Therefore, finding effective methods or modifiable risk factors is necessary to predict depression and then prevent it.

Sleep disorders, such as shorter or longer sleep time, poor sleep quality and others, have gradually become serious public health problems owing to various social factors.[@CIT0005],[@CIT0007] Studies have found close associations between poor sleep status and adverse health outcomes, including hypertension, coronary heart disease, stroke, diabetes mellitus and obesity.[@CIT0008],[@CIT0011] Besides the relationship with these diseases, poor sleep status is also related to psychological problems.[@CIT0012] Existing studies have reported bidirectional associations between sleep disorders and depression. For instance, several studies have demonstrated that poor sleep can exacerbate mood disturbance and the disorder might be alleviated after improved sleep quality.[@CIT0013],[@CIT0014] Sleep-related problems, including short sleep duration, sleep disturbance, long sleep latency, low sleep efficiency and excessive daytime sleepiness, among teenagers or adults are associated with increased depressive symptoms, which include sadness, irritability, worthlessness, low motivation, difficulty concentrating and thoughts of self-harm/suicide.[@CIT0015],[@CIT0020] However, the mechanisms that may clarify the association between bad sleep status and depression are still unclear. A popular view is that inflammation may have intermediate effects on the association between sleep and depression.[@CIT0015],[@CIT0020] Increasing evidence has demonstrated that impaired sleep independently contributes to an increased risk of chronic inflammatory diseases such as cardiovascular diseases (CVDs).[@CIT0021] We have previously suggested that poor sleep quality is associated with proinflammatory responses in the general population.[@CIT0022] Importantly, depression is also a chronic inflammatory disease, which may provide a pathway linking impaired sleep to depressive symptoms.

Considering the common role of inflammation in poor sleep and depression, it was hypothesized that bad sleep status is associated with depressive symptoms. So far, there have been few studies on the association of the global Pittsburgh Sleep Quality Index (PSQI) score, consisting of seven sleep parameters for assessing different sleep problems, with depressive symptoms in general adult populations. It would be very valuable and practical for general populations to predict the depressive symptoms by the comprehensive sleep score. This study aimed to estimate global PSQI score in all participants from a general US population and to examine the association between global PSQI score and depressive symptoms, independent of confounding factors, including sociodemographic characteristics, lifestyle factors and other relevant variables. Moreover, we further evaluated the value of the global sleep score (global PSQI score) in predicting the risk of depressive symptoms.

Patients and Methods {#S0002}
====================

Study Population {#S0002-S2001}
----------------

The data for this study were obtained from the Midlife in the United States (MIDUS) study, with the national sample (US) consisting of a general adult population. Associations between behavioral, psychological and social factors and public health problems were investigated in the MIDUS study. As a subgroup of the MIDUS study, 1255 participants completed the Biomarkers Project, which provided sociodemographic, behavioral, psychological and biological assessments for all participants. This produced sufficient data to be assessed by multivariate analysis.[@CIT0023] For the purpose of our study, data for the remaining 1002 participants (age 34--84 years) included in our study were further analyzed owing to the missing data (global PSQI score and depression score) for 253 participants.

Full details of the Biomarkers Project protocol from the MIDUS study are available elsewhere.[@CIT0023],[@CIT0024] Complete data and specific codebooks are also available at [<http://www.midus.wisc.edu/>]{.ul}. To sum up, participants in the MIDUS study were originally recruited in 1995--1996. They were followed up using e-mail and follow-up phone calls. All living participants in the first MIDUS survey who could safely go to the clinic were considered eligible for participation in the Biomarkers Project. Data were collected at one of three affiliated General Clinical Research Centers of the MIDUS study (University of California--Los Angeles; University of Wisconsin--Madison; Georgetown University). Using a standardized protocol that was consistent across the three sites, participants completed detailed self-administered questionnaires, and underwent medical history interviews and the collection of blood specimens during a 2-day visit. Each participant was remunerated \$200 for participating, and traveling expenses were covered. Serum samples from all participants were collected and tested during the 2-day visit. Serum inflammatory markers, including C-reactive protein (CRP), interleukin-6 (IL-6) and tumor necrosis factor-ɑ (TNF-ɑ), were measured. According to Declaration of Helsinki guidelines, the Ethics Committee of the three affiliated General Clinical Research Centers of the MIDUS study approved this prospective study and all patients gave written informed consent.

Global PSQI Score Assessment {#S0002-S2002}
----------------------------

Sleep quality was measured using the PSQI score.[@CIT0025] The PSQI is widely used and is a reliable indicator that can reflect global sleep status in different populations, including general populations and individuals with sleep problems or mental disorders, over the past month. The 19 items are divided into seven component scores that reflect the severity of various sleep problems in the following aspects: subjective sleep quality, sleep latency, sleep duration, habitual sleep efficiency, sleep disturbance, use of sleep medication and daytime dysfunction. The global PSQI score, ranging from 0 to 21, can be collected by summing the seven components after weighting them on a scale ranging from 0 to 3 \[*ɑ*=0.74\]. For each component, as well as the global PSQI score, higher sleep scores show worse sleep quality.[@CIT0025],[@CIT0026]

Depression Assessment {#S0002-S2003}
---------------------

The Center for Epidemiological Studies Depression (CES-D) scale was used for assessing depressive symptoms in the MIDUS study.[@CIT0027] The standard cut-off point for CES-D is 16, and a score of 16 or higher has been defined as indicative of clinically significant depressive symptoms.[@CIT0027] The CES-D scale has been used widely in epidemiological studies and is a well-validated measure with reliability in ethnically diverse populations.[@CIT0028]

Covariates {#S0002-S2004}
----------

Results in this study need to be adjusted because some variables are known for their associations with sleep or depressive symptoms. Sociodemographic characteristics and lifestyle factors, including age, gender, race, education, marital status, smoking status, number of drinking years and exercise, were obtained from self-evaluation questionnaires. The questionnaires also collected data on self-reported comorbidities, including currently diagnosed heart disease, hypertension, transient ischemic attack (TIA) or stroke, diabetes mellitus, cholesterol problems, asthma, emphysema/chronic obstructive pulmonary disease (COPD), cancer and arthritis. Marital status was defined as "currently married" or "not currently married". Education was defined as "with bachelor's degree or higher" or "high-school education and lower". The participants were categorized as normal weight (body mass index \[BMI\] \<25 kg/m^2^), overweight (25≤ BMI \<30 kg/m^2^) and obese (BMI ≥30 kg/m^2^). Smoking status was classified as "current smoker" or "not current smoker". Exercise was defined as "whether or not has the frequency of exercise ≥3 times/week". Self-reported comorbidities, antidepressants use and hypnotics use were each dichotomized as "yes" or "no".

The Perceived Stress Scale (PSS) is a 10-item measure that can assess the degree of pressure on participants in their lives.[@CIT0029] Each item (eg, "In the past month, how often have you been upset because of something that happened unexpectedly?") uses a five-point scale ranging from 1 (never) to 5 (very often). All items were reverse-coded as needed, so that a higher score shows heavier perceived stress \[*ɑ*=0.84\].

Statistical Analysis {#S0002-S2005}
--------------------

Analyses were performed using SPSS 24.0 and R 3.4. The normality of the data was analyzed by the Kolmogorov--Smirnov test combined with Q-Q plots. All continuous variables in the study were not normally distributed and are expressed as the median (interquartile range \[IQR\]). The categorical variables are expressed as n (%). Multivariate linear regression was used to examine the relationship between global PSQI score and depression score. Logistic regression was performed to examine the association between global PSQI score and depressive symptoms (score ≥16). Adjustments were made for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score, self-reported comorbidities (currently diagnosed heart disease, hypertension, TIA or stroke, diagnosed diabetes, cholesterol problems, asthma, emphysema/COPD, cancer and arthritis) and serum inflammatory markers (IL-6, TNF-ɑ and CRP). Stratified analyses were performed by adding "hypnotics use" and "antidepressants use" as the stratification variables to examine whether medications impacted the association between global PSQI score and depressive symptoms. In addition, a restricted cubic spline model was performed to evaluate the odds ratios (ORs) of depressive symptoms with global sleep score (global PSQI score). *P* values ≤0.05 were considered statistically significant.

Results {#S0003}
=======

Characteristics of All Participants {#S0003-S2001}
-----------------------------------

[Table 1](#T0001){ref-type="table"} presents the characteristics of the 1002 participants included in the study. The median age of all participants in this study was 53.0 years. The sociodemographic characteristics were as follows: 453 participants (45.2%) were males; 927 participants (92.5%) were white; 211 participants (21.1%) were currently married; 413 participants (41.2%) had a bachelor's degree or higher; 154 participants (15.4%) were current smokers; and 774 (77.2%) participants had a frequency of exercise ≥3 times/week. The median number of drinking years was 5. The medians of global PSQI score, depression score and perceived stress score were 5, 7 and 22, respectively.Table 1Characteristics of Participants (N=1002)VariablesN (%) or Median (IQR)RangeAge (years)53 (45--62)34--84Gender (male), n (%)453 (45.2)Race (white), n (%)927 (92.5)Education (with bachelor's degree or higher), n (%)413 (41.2)BMI \<25 kg/m^2^, n (%)239 (23.9)25≤ BMI \<30 kg/m^2^, n (%)357 (35.6)BMI ≥30 kg/m^2^, n (%)406 (40.5)Currently married, n (%)211 (21.1)Current smoker, n (%)154 (15.4)Number of drinking years5 (2--15)0--66Frequency of exercise ≥3 times/week, n (%)774 (77.2)Global PSQI score5 (4--8)0--19Depression score7 (3--12)0--54Perceived stress score22 (18--26)10--48**Medication**Hypnotics, n (%)127 (12.7)Antidepressants, n (%)147 (14.7)**Diseases currently diagnosed**Physician-diagnosed heart disease, n (%)112 (11.2)Physician-diagnosed hypertension, n (%)350 (34.9)Physician-diagnosed TIA or stroke, n (%)36 (3.6)Physician-diagnosed diabetes, n (%)112 (11.2)Physician-diagnosed cholesterol problems, n (%)417 (41.6)Physician-diagnosed asthma, n (%)121 (12.1)Physician-diagnosed emphysema/COPD, n (%)26 (2.6)Physician-diagnosed cancer, n (%)136 (13.6)Physician-diagnosed arthritis, n (%)329 (32.8)**Serum inflammatory markers**Serum IL-6 (pg/mL)2.07 (1.35--3.35)0.16--23.00Serum TNF-ɑ (pg/mL)2.05 (1.69--2.49)0.31--16.53Serum C-reactive protein (µg/mL)1.44 (0.70--3.44)0.02--61.70[^1]

Poor Sleep Status Is Associated with Higher Depression Score by Multivariate Linear Regression Analysis {#S0003-S2002}
-------------------------------------------------------------------------------------------------------

The regression coefficient with the 95% confidence interval (CI) of 0.301 (0.210--0.391) in Model 2 ([Table 2](#T0002){ref-type="table"}) indicated that global PSQI score was significantly associated with the depression score after adjusting for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases. Model 3 suggested that a higher global PSQI score was still significantly related to a higher depression score after adding serum inflammatory markers (IL-6, TNF-ɑ and C-RP) to Model 2, with a regression coefficient (95% CI) of 0.298 (0.207--0.389). We also found that subjective sleep quality (0.542 \[0.063--1.021\]), sleep latency (0.678 \[0.338--1.017\]), sleep duration (0.714 \[0.324--1.104\]), habitual sleep efficiency (0.592 \[0.294--0.890\]), sleep disturbances range (0.936 \[0.385--1.488\]), sleeping medication (0.609 \[0.329--0.890\]) and daytime dysfunction (1.155 \[0.648--1.662\]) were significantly associated with depression score after these same confounding factors were fully adjusted in Model 3 ([Table 2](#T0002){ref-type="table"}).Table 2Multiple Linear Regression Analysis for Relationship Between Sleep Parameters and Depression ScoreVariables*BSβ*95% CI*P* value**Model 1**Global PSQI score0.7450.4000.639--0.850\<0.0011. Subjective Sleep Quality2.7910.2772.194--3.388\<0.0012. Sleep Latency1.7330.2381.293--2.174\<0.0013. Sleep Duration1.6400.1911.123--2.158\<0.0014. Habitual Sleep Efficiency1.4190.2181.030--1.807\<0.0015. Sleep Disturbances Range3.2050.2752.514--3.896\<0.0016. Sleeping Medication1.2820.2070.910--1.655\<0.0017. Daytime Dysfunction4.1030.4073.537--4.668\<0.001**Model 2**Global PSQI score0.3010.1610.210--0.391\<0.0011. Subjective Sleep Quality0.5550.0550.077--1.0330.0232. Sleep Latency0.6850.0940.345--1.024\<0.0013. Sleep Duration0.7280.0850.339--1.117\<0.0014. Habitual Sleep Efficiency0.5920.0910.294--0.889\<0.0015. Sleep Disturbances Range0.9550.0820.405--1.5050.0016. Sleeping Medication0.6190.1000.330--0.900\<0.0017. Daytime Dysfunction1.1590.1150.652--1.666\<0.001**Model 3**Global PSQI score0.2980.1600.207--0.389\<0.0011. Subjective Sleep Quality0.5420.0540.063--1.0210.0272. Sleep Latency0.6780.0930.338--1.017\<0.0013. Sleep Duration0.7140.0830.324--1.104\<0.0014. Habitual Sleep Efficiency0.5920.0910.294--0.890\<0.0015. Sleep Disturbances Range0.9360.0800.385--1.4880.0016. Sleeping Medication0.6090.0980.329--0.890\<0.0017. Daytime Dysfunction1.1550.1150.648--1.662\<0.001[^2]

Global PSQI Score Is Associated with Depressive Symptoms (Score ≥16) by Multivariate Logistic Regression Analysis {#S0003-S2003}
-----------------------------------------------------------------------------------------------------------------

[Table 3](#T0003){ref-type="table"} presents the ORs and 95% CIs of depressive symptoms for global PSQI score. Model 1 indicated that higher global PSQI score was associated with depressive symptoms (1.310 \[1.247--1.376\]) after adjusting for age and gender. The association (1.232 \[1.149--1.321\]) was similar to those of Model 1 after adjustments were made for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases (Model 2). The results in Model 3 remained statistically significant and changed little when serum inflammatory markers (IL-6, TNF-ɑ and CRP) were added to Model 2. The fully adjusted OR of depressive symptoms in Model 3 was 1.235 (1.150--1.325), which suggested that a one-point increase in the global PSQI score increased the risk of depressive symptoms by 23.5% in these participants.Table 3Multiple Logistic Regression Analysis for Relationship Between Global PSQI Score and Depressive Symptoms (Score ≥16)VariablesModel 1Model 2Model 3Global PSQI score1.310 (1.247--1.376)1.232 (1.149--1.321)1.235 (1.150--1.325)*P* value\<0.001\<0.001\<0.001[^3]

The association between global sleep score (PSQI score) and depressive symptoms was further determined using restricted cubic spline analysis ([Figure 1](#F0001){ref-type="fig"}). The results, suggesting an upward curve association, showed that higher global sleep score (global PSQI score) was strongly associated with increasing risk of depressive symptoms. The risk of depressive symptoms was significantly elevated after the global PSQI score reached a critical value (score=5).Figure 1Restricted cubic spline model of the odds ratios of depressive symptoms (score ≥16) with global sleep score (global PSQI score). The gray area represents the 95% confidence intervals.

Global PSQI Score Is Associated with Depressive Symptoms by Stratified Analysis {#S0003-S2004}
-------------------------------------------------------------------------------

[Table 4](#T0004){ref-type="table"} presents a stratified analysis by antidepressants use. Model 3 indicated that global PSQI score was still independently associated with depressive symptoms (1.226 \[1.310--1.329\]) in participants without antidepressants use. This association remained significant in participants with antidepressants use in Model 3 (1.324 \[1.066--1.643\]). In addition, hypnotics use was added as a stratified variable for analyzing the association of global PSQI score with depressive symptoms ([Table 5](#T0005){ref-type="table"}). The results showed that global PSQI score was independently associated with depressive symptoms (1.258 \[1.159--1.366\]) in participants without hypnotics use in Model 3. However, the significant association did not exist in participants with hypnotics use (1.110 \[0.847--1.454\]).Table 4Multiple Logistic Regression Analysis for Relationship Between Global PSQI Score and Depressive Symptoms (Score ≥16) Stratified by Antidepressants UseVariablesModel 1Model 2Model 3**Antidepressants use**Global PSQI score1.392 (1.230--1.575)1.268 (1.045--1.538)1.324 (1.066--1.643)*P* value\<0.0010.0160.011**No antidepressants use**Global PSQI score1.286 (1.217--1.360)1.224 (1.131--1.326)1.226 (1.310--1.329)*P* value\<0.001\<0.001\<0.001[^4] Table 5Multiple Logistic Regression Analysis for Relationship Between Global PSQI Score and Depressive Symptoms (Score ≥16) Stratified by Hypnotics UseVariablesModel 1Model 2Model 3**Hypnotics use**Global PSQI score1.287 (1.137--1.456)1.084 (0.867--1.355)1.110 (0.847--1.454)*P* value\<0.0010.4790.451**No hypnotics use**Global PSQI score1.295 (1.225--1.368)1.248 (1.151--1.353)1.258 (1.159--1.366)*P* value\<0.001\<0.001\<0.001[^5]

Discussion {#S0004}
==========

This study suggested that global PSQI score is strongly associated with an increased risk of depressive symptoms (score ≥16). Each sleep parameter from the PSQI was also strongly associated with depression score by multivariate linear regression analysis. Furthermore, global PSQI score was independently associated with depressive symptoms in participants without hypnotics use, but not in participants with hypnotics use by the stratified analysis. However, the association between global PSQI score and depressive symptoms was not affected by antidepressants use.

Sleep-related research has been carried out for decades. Poor sleep status is an important risk factor for chronic health problems such as CVDs and psychological problems.[@CIT0030],[@CIT0031] The relationships between sleep problems and depression have been reported in different populations.[@CIT0012],[@CIT0020] For example, short sleep duration among teenagers was associated with increased depressive symptoms including sadness, irritability, worthlessness, low motivation, difficulty concentrating and thoughts of self-harm/suicide.[@CIT0015] Long-term sleep disturbance was associated with severity of depressive symptoms in adult patients with obstructive sleep apnea.[@CIT0016] Poor subjective sleep quality was strongly associated with depression, leading to a poor quality of life among obese patients.[@CIT0017] Children with excessive daytime sleepiness tended to have parent-reported symptoms of depression.[@CIT0018] In addition, the relationships between depression and other sleep problems, including sleep latency and sleep efficiency, have been previously examined.[@CIT0019],[@CIT0020],[@CIT0032],[@CIT0033] Consistent with these previous studies, the results in this study showed a strong correlation between poor sleep status (global PSQI score ≥8) and depressive symptoms (depression score ≥16) after adjustments were made for sociodemographic characteristics, lifestyle factors, currently diagnosed diseases and serum inflammatory markers. Our findings suggested that global PSQI score, as a well-established indicator of sleep status, may be a reliable tool to assess the risk of depressive symptoms in the general population. When the cut-off of global PSQI score reached 5, the risk of depressive symptoms increased significantly, which suggested that individuals may suffer from depression when the global PSQI score is more than 5 ([Figure 1](#F0001){ref-type="fig"}). Our study subjects were from the general adult population, which may cause some differences in the results compared with previous studies.

Over one-quarter of people from the United States suffer from sleep disorders, and about one-third of adults suffer from at least one insomnia complaint.[@CIT0034] Importantly, most patients with depression experience impaired sleep and nearly 80% experience insomnia.[@CIT0035],[@CIT0036] Patients with depression can show characteristic changes on sleep electroencephalogram (EEG), including prolonged sleep latency, disinhibition of rapid eye movement (REM) sleep and changes in non-REM sleep.[@CIT0036],[@CIT0038] Some studies have shown that REM latency may indicate depression, and most antidepressants suppress REM sleep.[@CIT0039],[@CIT0040] Hence, it was hypothesized that REM suppression is the mechanism of action of antidepressants.[@CIT0041] However, our results suggested that global PSQI score was still independently associated with depressive symptoms in participants with antidepressants use ([Table 4](#T0004){ref-type="table"}). Treatment for depression did not appear to have a significant effect on the association of global PSQI score with depressive symptoms. The inflammatory mechanism may also partly explain the independent relationship. Existing evidence has suggested that poor sleep independently contributes to risk of chronic inflammatory diseases such as CVDs.[@CIT0021] Our previous study suggested that poor sleep quality was associated with proinflammatory responses in the general population.[@CIT0022] Depression is also a chronic inflammatory disease and inflammatory response may provide a pathway linking impaired sleep to depressive symptoms, although the exact reason remains to be further investigated. In addition, considering the impact of hypnotics use on sleep, stratified analysis ([Table 5](#T0005){ref-type="table"}) revealed that the association between global PSQI score and depressive symptoms was affected by hypnotics use. Global PSQI score was not significantly associated with depressive symptoms in participants with hypnotics use. We thought that this may be accounted for by sleep quality being improved by hypnotics use in participants with poor sleep.

This study had many strengths, including the general population-based samples and the large sample size. The results of our study contribute to the literature in three main aspects. First, the data analyzed in this study were from the MIDUS study, a national (US) sample of the adult population. This study proved that global PSQI score was closely associated with depressive symptoms, which expanded research on the associations between sleep problems and depression. The global PSQI score may be a reliable indicator for predicting depressive status in the future. Second, we used a measure of calculating the global PSQI score to assess individuals' overall sleep status. This global sleep score from PSQI represents a stable sleep status over a long period. The sleep assessment tool is very simple and convenient for general populations. Third, independent correlation between global PSQI score and depression score was proven after adjustments were made for sufficient confounding factors, including sociodemographic characteristics, lifestyle factors, age-related comorbidities and serum inflammatory markers. Given the potential link between depression and inflammation, we collected related biochemistry data, including inflammatory markers, in this study. However, the biochemical data were not adjusted in previous studies.

There were a few limitations to the present study. To begin with, this was a cross-sectional study and it was not possible to make causal inferences. Moreover, to participate in this study, all participants needed to be healthy enough to go to a MIDUS study research center, which may lead to the potential for bias. Finally, the global PSQI score is used for assessing participants' self-reported sleep status. A more objective tool, such as sleep EEG, is a better way to assess the association between sleep status and depressive symptoms.

Conclusions {#S0005}
===========

Good sleep quality may be particularly important for adult populations to prevent chronic health problems. Higher global PSQI scores are significantly associated with an increased risk of depressive symptoms among the general adult population in the US. The global sleep score from PSQI may provide a predictive value for detecting early depressive symptoms.
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[^1]: **Note:** Median (IQR) for non-normally distributed variables, and n (%) for categorical variables.

    **Abbreviations:** BMI, body mass index; PSQI, Pittsburgh Sleep Quality Index; TIA, transient ischemic attack; COPD, chronic obstructive pulmonary disease; IL-6, interleukin-6; TNF-ɑ, tumor necrosis factor-ɑ.

[^2]: **Notes:** Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases: Model 3: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score, currently diagnosed diseases and serum inflammatory markers.

    **Abbreviations:** PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index.

[^3]: **Notes:** Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases; Model 3: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score, currently diagnosed diseases and serum inflammatory markers.

    **Abbreviations:** PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index.

[^4]: **Notes:** Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases; Model 3: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score, currently diagnosed diseases and serum inflammatory markers.

    **Abbreviations:** PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index.

[^5]: **Notes:** Model 1: Adjusted for age and gender; Model 2: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score and currently diagnosed diseases; Model 3: Adjusted for age, gender, race, education, BMI, currently married, current smoker, number of drinking years, exercise, perceived stress score, currently diagnosed diseases and serum inflammatory markers.

    **Abbreviations:** PSQI, Pittsburgh Sleep Quality Index; BMI, body mass index.
